The spin-orbit split white line, synchrotron X-ray spectra at the respective Cu and Ba L 2,3 and Ba M 4,5 edges in YBa 2 Cu 3 O 7 crystal, powders, films and derivatives are compared to those for standard BaBr 2 and CuO powders. The white line absorption integrated intensity, I ratios: r 3,2 = I(L 3 )/I(L 2 ) and r 5,4 = I(M 5 )/I(M 4 ) for BaBr 2 are equal to the ratio of core states degeneracy, but r 3,2 (Ba in YBCO powder ) < 2 < r 3,2 (Cu in CuO and YBCO film ) and r 5,4 (Ba in YBCO film ) < 1.5 (Table I) indicate an apparent overpopulation of the Cu:3d 3/2 final states relative to the 3d 5/2 , and the Ba:5d 5/2 over the 5d 3/2 , and the 4f 7/2 over the 4f 5/2 at room temperature. The difference spectrum DEL=A(YBCO)-A(CuO) with a leading sharp peak, (HWHH of 0.2 eV) at E 0 +0.5 ±0.1eV and the temperature changes in the atomic X-ray absorption fine structure A-XAFS observed at 0.08 to 0.07 nm near the heaviest atom, Ba suggest that charge polarization contributes to the final state band occupancy in YBCO.
INTRODUCTION
The synchrotron X-ray absorption spectra (XAS) of layered cuprates, where superconducting planes are intercalated between ionic and perhaps magnetic layers in YBa 2 Cu 3 O 7 and its derivatives (YBCO) are compared to the CuO and BaBr 2 powder spectra at the Cu and Ba L 2,3 edges and the Ba M 4,5 edges for the purpose to ascertain evidence of charge polarization in YBCO.
EXPERIMENTAL
The samples are single crystals/powders grown at the Cavendish Laboratory 1 and 50 nm films that have mixed ab axes, grown epitaxially by sputtering in an oxygen atmosphere onto SrTiO 3 , single crystal, (SC) and, bi-crystals (BC) with a 24 DEG ab grain boundary at the Complutense 2 . XAS in transmittance (I T ), in fluorescence (F) and total electron yield (TEY) were measured versus energy, E calibrated at SSRL station 2-3 relative to Cu film Cu:K-edge [3] [4] [5] , and at the LBNL-ALS 6.3.1 Nachimuthu chamber relative to CuO. Cu:L 3 edge 6 . XAS, A = ln(I 0 /I T ), (F/I 0 ), (TEY/I 0 ) when I 0 is the incident intensity and white line (WL) spin-orbit split transitions and WL integrated intensities, I are reported (Table I, Mass attenuation due to sample absorption at the two spin orbit split WL, determined by atomic cross sections 7 differs by less than 8 % in F, and is negligible in TEY and E > 10 3 eV. The WL spectra are obtained by subtracting from A the background baseline (BL) and the extended X-ray absorption to the empty continuum states, X-ray absorption fine structure, XAFS 4-5 region (FIG. 1) , except where the XAFS contribution from the previous edge is less than 2% at the Cu:L 2 and Ba M 4 edges in both YBCO and CuO (FIG. 2, 3) .
RESULTS/DISCUSSION
The normalized A difference spectrum ∆=A YBCO -A CuO gives information of interdependent effects on the states near the Fermi energy in YBCO, e.g., crystal field symmetry different from CuO 8 , polarization effects 9 , and electron density in highest occupied molecular orbitals, MO (FIG.5 ) 10 as follows:
(i) Evidence of charge polarization is obtained from atomic A-XAFS 11 at distances less than an Å as follows: When the inter-atomic distances remain constant versus T, the changes in electron density, ρ e near the heaviest element in YBCO, Ba are detected by the XAS temperature difference spectra, XTDAFS 4,5 amplitude versus k(bohr -1 )=(2(E-E 0 ) H) ½ (FIG. 4) . The observed oscillations identify a change in ρ e near r p ~ π/∆k ~ 0.07 to 0.08 nm from the Ba atom, across the transition to superconductivity, T c that reverses sign when the polarized synchrotron electric field, ε X-rays is rotated out of the crystal ab plane. This indicates that polarons 9,12 of radius r p are involved.
(ii) The formation of polarons determines the symmetry and final states occupation and consequently the WL spectra relative intensity as follows: The XAS white lines (WL) observed at the Cu:L 2,3 edges in CuO and cuprate superconductors show structure consisting of a main peak with gaussian, G shape (HWHH~0.45eV) plus weaker ones. The A CuO additional structure indicates that the crystal field shifts in Cu:3d 9 may be described by G shape peaks with 3% of A CuO,max and HWHH~0.45eV at E 0 ±1 to ±9eV, (FIG.2 4, 5, 11] : 2 ) and may be described by a sharp (HWHH~0.2eV) G shaped leading peak at E 0 +0.5±0.1eV distinct from broader ones (HWHH~0.45eV) at E 0 ±1 to ±7eV (FIG. 2 insert) . The first is too sharp to be assigned to a crystal field peak, the broader ones may be due to Cu +3 :3d 8 crystal field shift lines if the oxidation state is present in YBCO, and/or XAS shake-up processes from CuO 2 layer MO orbitals below the edge by that amount (FIG. 5 (FIG. 1, 3) . The difference spectrum ∆=WL YBCO -G for E>E 0 is orientation dependent with amplitudes 30% WL max for ε X-rays in the ab plane that reduces to less than 10% of WL max when ε X-rays is rotated out of the ab plane by ±π/18. For ε X-rays in the ab plane ∆ shows a structure with a sharp leading peak similar to that observed at the Cu:L 3 edge (Fig. 1b) .
The 2p effective atomic number is obtained in the hydrogen-like approximation 8a from ∆E (Table I) where the Pauling rules indicate that the Cu:2p electron nuclear charge is shielded by ~ 1s 2 2s shells, the Ba:2p by ~1s 2 shells and the Ba:3d by ~1s 2 2s 2 2p 6 3s shells. (iii) The final band state population, the crystal field and orientation in ε X-rays determines the WL transition probability 8 . All orientations in ε X-rays are sampled in powders, and when all the accessible final states are empty in the ionic reference BaBr 2 , the ratio of spin-orbit split WL, integrated intensity is proportional to the core states degeneracy: r 3,2 = I(L 3 )/I(L 2 ) = 2 and r 5,4 = I(M 5 )/I(M 4 ) = 3/2 ( Fig. 3 and Table I ). At the Cu L 2,3 edges: r 3,2 (Cu:3d 9 in CuO powder) = 2.7 for the Gaussian shaped WL (Table I, Fig. 2 ) is qualitatively explained by the presence of only one empty 3d 5/2 level at the top of the conduction band available for L 3 transitions but, only 4d 3/2 final states are available for L 2 transitions. The YBCO Cu:L 2,3 WL relative intensities (Table I) are similar to those for CuO, in agreement with a Cu:3d 9 oxidation state. At the Ba:L 2,3 edges the XAFS amplitudes, which measure the transition probability from the same core states to the empty continuum and obey the same orientation dependence as the WL, obtain for all samples a relative intensity proportional to core state degeneracy: r 3,2 (Ba XAFS for YBCO) = 2 to within 4% accuracy (Table I ). The significant deviations in YBCO WL: r 3,2 (Ba in YBCO KKD powder) < r 3,2 (Ba in YBCO single crystal) < 2 and r 5,4 (Ba in YBCO film) < 1.5 (Table I) are explained by different transition probability due to final state 5d 1 and 4f 1 apparent occupation, respectively due to polarization. Since all orientations in ε X-rays are sampled for r 3,2 (Ba in YBCO KKD powder), an apparent overpopulation of the 5d 5/2 states relative to the 5d 3/2 final states must be caused by polarons at r p , and the same is true for the single crystal, though crystal field shifts and mixed valence effects are not resolved for a WL with HWWH ~2.5eV. Similarly r 5, 4 (Ba in YBCO film) < 1.5 indicates the effect of orientation, an apparent over population of 4f 7/2 relative to the 4f 5/2 levels and/or mixed valence.
The apparent difference in occupation of the spin orbit split final state bands in the non-magnetic YBCO 12b may be qualitatively explained by the formation of e 1 e 2 = pairs with j = j 1 +j 2 h(ν-ν 0 ) = E n -E 1 = ½(1-1/n 2 )/K 2 H, n > 2.
(2) An X-ray exciton head at:
h(ν-ν 0 )=(0.5±0.1eV)/(27.21eV/H)=3/8/K 2 H (3) obtains K = 4.2 < ε ∞ and E n = -0.029/n 2 H predicts a sharp Rydberg series that ends sharply at E 0 +0.8eV. The average separation 1/<r -1 > n=1 = K*0.053nm/bohr = 0.22nm > CuO bond distance 0.195nm, when added to r p~0 .07 to 0.08nm near Ba indicates an effect on their outer electron shell population is a possibility. This is similar to the formation of excitons in layer dichalcogenides observed in i.r. spectra 9, 12a . (v) Many electron interactions in bulk metals that are responsible for enhanced absorption to levels close to the Fermi energy 17 a few meV above E 0 are not be resolved here. CONCLUSION Spin-orbit split white lines in YBCO indicate an apparent overpopulation of the Cu:3d 3/2 final states relative to the 3d 5/2 as in CuO, and of the Ba:5d 5/2 final states relative to the 5d 3/2 as expected to 5d 1 occupation. The formation of X-ray excitons, observed at the Cu L 2,3 edges, and the orientation dependent changes in atomic XAFS at the Ba L 2 edge of a YBCO single crystal suggest that the formation of polarons is responsible for the apparent population of states near the Fermi level and these change near T c . 
